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ABSTRACT (100-200 WORDS):
Winter weather events such as snow and ice storms, and extreme cold air
outbreaks produce major damages and large costs across many weathersensitive sectors. Numerous studies have characterized snowstorms, their
regional frequency, magnitude, and related impacts, and others have examined
the cumulative role of snowfall and temperature anomalies for a specific month or
winter. This study aims to examine a snowfall extreme at a different temporal
scale, the greatest 30-day snowfall totals for areas in the United States east of
the Rocky Mountains for the period 1900-2016. The initial task of such a study is
to identify and map the long-term climate stations (i.e., those with daily snowfall
records dating from 1900-2016) and then conduct an evaluation of snowfall
records to determine those stations that need to be removed from the study.
Once a final set of historic snowfall stations has been determined, the five
heaviest independent 30-day snowfall periods (i.e., events) will be identified for
each station. This evaluation of snowfall totals for periods greater than a storm
and less than a winter would create a new and useful climatology.
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Introduction:
This study will identify and the top five 30-day snowfall totals for National
Weather Service surface weather stations east of the Rocky Mountains between
1900 and 2016. Unlike most other studies, this examination looks at 30-day
snowfall totals instead of short term (snowstorm, blizzard, etc.) events or long
term (overall winter snowfall in one year compared to average) snowfall totals.
Research at these two temporal scales (snowstorm vs. winter) have been linked
to direct and indirect socio-economic impacts. A case can be made that very
heavy snowfalls within a 30-day period could create impacts that exceed that of
an individual snowstorm but are also different than that of an entire winter.
Because this is a preliminary data analysis, no conclusions will be drawn relating
to a trend of the events in a temporal or spatial scale, examining the atmospheric
features that contribute to the formation of these events, and whether or not the
significant years are associated with oceanic/atmospheric teleconnections such
as El Nino Southern Oscillation. These aspects will be analyzed in future studies
using the climatological database created during this examination.
It is common knowledge within the climate community that recording
snowfall totals in one of the most difficult meteorological measurements
(Harrington, JA, Craven, R., and K. Dewey, 1987). There can be significant
errors associated with taking daily snowfall measurements. The process of
determining what is a representative measurement is often difficult due to
blowing snow conditions and compaction (Changnon, S.A., Changnon, D., and
T.R. Karl, 2006). For this study, stations with 10% or less daily snowfall data
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missing during the period, 1900-2016, were initially selected. The main focus of
this study is to analyze the quality of the snowfall data associated with the initial
group of stations using a set of criteria, and determine which stations should be
used for further climatological studies.

Background:
Before analyzing the 30-day snowfall data, it is important to understand
that there has not been much research done on snowfall totals occurring during
this length of time. Most of the research up until this point has focused on either
the short-term events, such as snowstorms or blizzards, or the long-term,
seasonal totals (Schwartz, R.M., and T.W. Schmidlin, 2002). It is also important
to understand the definition of a snowstorm and what causes them to form.
According to Changnon el al (2008), there are many ways to define a snowstorm.
These could include analyzing the amount of snow in a fixed period, assessing
the damages after the snowfall event, or generalizing it as a period of high winds
and low temperatures while it is snowing. From this, many other meteorologists
have defined a threshold for severe snowstorms depending on location,
population, synoptic weather conditions, and many more (Changnon et al, 2008).
A majority of snowstorms are associated with a surface low pressure
system moving from west to east during the cold season. Snow is most likely to
fall north and west of the surface low and north of the warm front in the cold
sector of the system. The warm air advection associated with the warm front
causes warm, moist air to be pushed over the cold, dense air creating
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precipitation that will often fall as snow in the winter months. The location of the
snowfall is related to the development and track of the surface low. The duration
and severity of the snowfall event depends on the speed of the cyclone,
divergence, convection, latent heat release, as well as other environmental
factors (Wallace, John M., and Peter Victor. Hobbs., 2011). It is believed that to
reach high snowfall amounts in a 30-day period, several cyclones would
influence a location or region.

Approach:
In order to complete this evaluation, the top five heaviest 30-day snowfall
totals were identified for the initial group of stations with data for the period 19002016. The collection of this data was done by Dr. David Changnon using the cliMATE database at the Midwest Regional Climate Center. The reason why the
top five 30-day events were chosen was because he was worried any fewer
would limit the results and potentially skew the results of the study. These 30-day
periods had to be “independent” of each other at a station with no overlapping
time periods. This group included 819 National Weather Service (NWS) surface
weather stations in 40 different states (Figure 1). The stared stations indicate that
they have poor data, while the blue dots are stations with high quality data.
The next step of this project was to closely examine the stations’ top five
30-day events and determine if they should be used for further research. The
process to identify high quality stations with good long term daily snowfall records
was a difficult and time consuming process. This effort required an assessment
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of station records compared to stations nearby to determine appropriate stations
to use in future climatological studies. The criteria selected and used to separate
good quality from poor quality stations included the timing of events within the
117-year period compared to nearby stations, whether the amount for the
greatest 30-day snowfall event was low or high relative to nearby stations, and
whether the average of the snowfall amounts for the top five 30-day events was
low or high in comparison to the surrounding stations. An example of the timing
criteria can be found in Table 1 with the data from Montpelier Ohio. All five of the
top 30-day snowfall totals were recorded between 1908 and 1920 while other
stations in this region experienced events throughout the 117-year period. Other
examples of timing issues include if all of the 30-day events occurred at the end
of the period or all centered in the middle compared to other nearby stations.
When examining the data, the most common issue was that the greatest snowfall
was relatively high in comparison to surrounding stations. This can be seen in
Table 2 with both Jefferson and Mount Airy recording values in the mid-30’s and
the surrounding stations with values in the upper twenties. An example of the
average of the top five 30-day snowfall events was high in comparison to the
surrounding stations would be Lead, South Dakota. The average for Lead was
108” while the nearby stations had values in the thirties and forties. With the use
of Geographical Information Systems (GIS) mapping techniques and data
management, station locations were digitized and plotted on a geographiccoordinate grid which can be found in Figures 1-4. When inputing the snowfall
and location data into the GIS program, a quarter of the stations were removed
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due to a change of location during the 117-year period or if the station locations
overlapped.

Results:
After analyzing all of the stations’ data using the criteria listed above, a
revised list of useful stations was created. This list included 618 of the original
819 National Weather Surface stations. The revised version of Figure 1 with only
the high-quality stations can be found in Figure 2. This group of stations could be
used for future research projects that involve the 30-day heavy snowfall events.
Initial GIS maps that were developed using the 618 high quality stations included
the largest recorded 30-day snowfall totals (Figure 3) and the average of the top
five events for each of the stations (Figure 4). From these two maps, it can be
seen that the largest 30-day snowfalls generally occur on the eastern sides of the
Great Lakes and east of the Rocky Mountains or in the Appalachian Mountains.
Also, the general trend of the gradient from the lesser to greater amounts of
snowfall moves northward through the region. Within this trend, there are a few
anomalies that can be found on both Figure 3 and 4. The most prominent
anomalies are the spots in northern North Dakota and eastern Montana with less
snowfall accumulations than the surrounding areas. Future research could
analyze these interesting characteristics along with other spatial and temporal
characteristics associated with heavy 30-day snowfall events.
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Summary and Future Work:
A 30-day heavy snowfall database that included 618 NWS stations, was
developed as a first step to examine the spatial and temporal variability of these
events. Creating this database was a rigorous and time consuming station record
assessment and station-to-station comparison process and was developed to
determine those high quality, long term snowfall records in the eastern United
States to examine 30-day events. Initial analysis of the top 30-day heavy snowfall
event as well as that for the average of the top five 30-day heavy snowfall
patterns shows an expected increase in snowfall amounts as one goes from
south to north across the study region. The areas experiencing the highest
values were generally downwind of the Great Lakes and in higher elevation
regions in the NW Great Plains and northern Appalachian Mountains. Moving
forward, future work will examine large spatial events (covering large portions of
the United States) and the frequency of 30-day heavy snowfall events in different
regions. Results from this new climatology may provide useful information to
decision makers such as those in transportation, energy, insurance, and
governmental sectors who are impacted by severe winter weather extremes.
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Figures and Maps:

Figure 1: A map depicting the unfiltered stations chosen for analysis. Stations
have been separately marked to distinguish poor versus good data records.

Table 1: A screenshot of the analyzed data for Ohio. Yellow spaces indicate data
points that are considered poor by the requirements above.
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Table 2: A screenshot of the analyzed data for North Carolina. Yellow spaces
indicate data points that are considered poor by the requirements above.

Figure 2: A map depicting the filtered stations chosen for analysis. This analysis
was applied using the previously mentioned criteria.
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Figure 3: A map depicting the largest recorded snowfall amounts within a 30-day
period. Snowfall amounts have been contoured using a Nearest Neighbor
Interpolation technique.

Figure 4: A map depicting the averaged top five, 30-day snowfall amounts,
ranging between 1900 and 2016. Snowfall amounts have been contoured using a
Nearest Neighbor Interpolation technique.
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